Despite existing guidelines on access to data and bioresources, good practice is not widespread. A meeting of mouse researchers in Rome proposes ways to promote a culture of sharing.
S
haring scientific data through publication has long underpinned the cycle of discovery and is the dominant means by which scientists earn credit for their work. More recently, technologies generating very large data sets and novel biological materials have given rise to principles under which communities share data and materials (preand post-publication), and to a new sharing infrastructure -large public databases and repositories. Although much attention has been given to practical and ethical guidelines for prepublication data release from large-scale 'community resource projects' , summarized in the Bermuda Principles 1 and the Fort Lauderdale report 2 , sharing of data and resources from hypothesis-driven research has largely been addressed piecemeal by individual communities, journals and funding agencies.
We report here the efforts of one such community to address issues of particular relevance to the free sharing of data and resources for mouse biology, genetics and functional genomics. Our community has had more than six decades experience with strategies for sharing mice, and more recently for cell lines. When it comes to resource sharing, the two greatest impediments to fully exploiting global research using the mouse as a model organism are the barriers created by material transfer agreements and the underutilization of public mouse repositories.
Community discussion
At a meeting in Rome in May organized by the CASIMIR consortium, a European project examining mouse research infrastructure, participants attempted to establish an agenda for community discussion. This meeting was attended not just by mouse investigators, but by representatives of funding agencies and journals, intellectual-property specialists and sociologists. The resulting Rome Agenda was designed to assist the stakeholders in developing a coordinated and directed approach to the main factors inhibiting free sharing of the fruits of publicly funded mouse research.
Two of the most important shared resources and research outputs in the field are mice and embryonic stem cells. Experiences shared at the meeting indicated that enforcement of existing policies regarding data and resource deposition is variable, and that despite increased emphasis on the importance of sharing by journals and funding organizations in recent years, there is evidence that geneticists and genomic researchers are withholding data and research materials with increasing frequency 3 . It is one thing to encourage data deposition and resource sharing through guidelines and policy statements, and quite another to ensure that it happens in practice, as a recent informal survey of proteomics data deposition has revealed 4 . Consequently, although many of the issues discussed in Rome are of specific concern to mouse biology and functional genomics, several have relevance to the wider biological sciences. For example, the issues surrounding licensing and patenting of genetically manipulated mice and embryonic stem cells could apply to many research tools that are generated through hypothesis-driven research. We hope that our experiences and recommendations can inform and stimulate broad discussion in the community as a whole and we ask readers to participate in an online forum to that end (see http://tinyurl.com/mo4gh8).
A strong message from Rome was that funding organizations, journals and researchers need to develop coordinated policies and actions on sharing issues. The Rome Agenda described and summarized here (see "The Rome Agenda' , overleaf), represents a challenge to stakeholders to coordinate their efforts to facilitate the ready exchange of data and resources and to share good practices already implemented by some organizations and journals.
Access to publication-associated data
Prepublication data release is comprehensively discussed in an accompanying paper from the Toronto group 5 , whose conclusions were broadly supported in Rome. For publicationassociated data, the meeting strongly endorsed the recommendations of the National Academy of Sciences UPSIDE report 6 , which lays out detailed guidelines for data sharing, not least the principle that data on which publications are based should be made available immediately on publication.
Currently, funding bodies rarely require investigators to deposit their mice in public repositories, although many encourage it, with the consequence that mutant lines may be lost or not fully exploited. The meeting strongly recommended that, at least on publication, journals should insist that mice and embryonic stem cells be deposited in a public repository within a specified time frame, the length of which still requires community consensus. Additionally, funders should be willing explicitly to cover the costs of deposition of mice arising from projects into public repositories.
We recommend that it becomes mandatory for scientific papers to explain where and how to access data and resources generated as part of the investigation. We are aware that some journals already have strong policy positions in this area, insisting that large data sets must be deposited in public databases, and that all reasonable requests for materials from other researchers must be fulfilled. There is however, heterogeneity with both policy and enforcement; surprisingly, many journals have no written policy on the availability of either bioresources or primary data.
In addition, papers should acknowledge any other data or materials used and the originating sources. This might be facilitated by the addition of metadata tags linking to data and bioresources 4 . A mechanism, such as a digital object identifier for resources in public repositories, would allow ready searching of the literature for specific bioresources, which is currently extremely difficult. It "Enforcement of existing policies regarding data and resource deposition is variable."
would also add incentives for complying with data release and deposition policies by attributing credit to researchers who do share.
When it comes to compliance, journals and funding agencies have the most important role in enforcement and should clearly state their distribution and data-deposition policies, the consequences of non-compliance, and consistently enforce their policy. The costs of proactive 'policing' (explicit review at the end of grants or following publication) may be disproportionate, but a consistently implemented reactive policy, in a culture in which sharing is the ethical norm would, we believe, suffice.
Where they don't yet exist, clear criteria should be developed for reviewers of grants to help them assess data and material-sharing plans submitted as part of a funding proposal. 
Licensing, patenting and material transfer agreements
Recent experience from technology-transfer programmes in the public sector discussed at the Rome meeting reflects a growing consensus among technology-transfer professionals that the patenting of mouse resources and genes is expensive and a poor return on investment. (Not least because most research tools are available under nonexclusive licences, whether patented or not.) This is reflected in a 1999 NIH policy that discourages filing of patents on mice as research tools generated from work done in its intramural research programmes. We recommend patenting research tools and methods only under exceptional circumstances, although patents may still be appropriate for research methods that are broadly applicable to multiple research fields.
Regardless of whether mouse resources or research methods are patented, licensing terms should be as broad as possible, acknowledging that academic institutions are both developerproviders and recipient-users of new mouse models, so there is little benefit in imposing obstacles on the availability and use of mice in the form of patents, licences and material transfer agreements (MTAs). Moreover, researchers should be free to breed these mice for internal research purposes and to cross-breed them to develop innovative new mouse models.
With commercial use, any licensing of mice or methods to the private sector should include a broad reservation of rights on behalf of academic and not-for-profit institutions to use the mouse or method for non-commercial research purposes. In accordance with the sharing policies of some funding institutions, such as the NIH, it would be inappropriate to include licensing terms requiring royalty reach-through or product reach-through on subsequent inventions, and institutional policies on intellectual property, technology transfer and licensing should reflect these principles. Equally, repositories should be able to distribute mouse resources to industry under reasonable terms and conditions.
Within the academic community, processing of MTAs has become a major impediment to the open and timely dissemination of mouse resources and associated data 12 . Onerous terms and conditions in many MTAs have increased transactional costs for institutions and have become a major cause of delay in negotiations and the sharing of resources. We recommend that materials and data be shared under the least restrictive terms possible. If documentation is necessary for any reason, then the minimum NIH sharing policy should be applied 13 . This 1999 policy states that materials developed Access to data and materials • The data on which publications are based should be made available immediately through public databases on publication. Journals should insist that mice or embryonic stem cells are deposited in a public repository within a specified time frame.
• It should become mandatory for publications to explain where and how to access data and materials generated during the investigation. Publications should acknowledge any other data or materials used, the originating sources and availability.
• Grant reviewers should be provided with clear guidelines to assess data-and materialsharing plans, whether these have been met in the application, and whether the mechanism of sharing proposed would meet appropriate goals if the work was to be funded or ultimately published.
• Funding organizations should be willing explicitly to cover the costs of deposition of materials arising from projects as part of the project budget.
Licensing and patenting
• The public sector should patent mice as research tools only under exceptional circumstances.
• Licensing terms for mouse resources or research methods should promote the establishment of a mouse 'research commons'.
• Materials and data should be shared under the least restrictive terms possible. Material transfer agreements for sharing materials between academic and notfor-profit institutions should be avoided or simplified.
• Researchers should be free to breed shared mice for internal research purposes and to crossbreed to develop new mouse models.
• Licensing of mice or methods for commercial use should include a broad reservation of rights for academic and not-for-profit institutions.
• Licensing terms should not include inappropriate royalty reach-through or product reachthrough on subsequent inventions, and institutional policy should reflect this.
Data and resource-sharing infrastructure
• Further dedicated sustainable investment in public databases and repositories should be encouraged.
• Funding agencies should provide researchers with clear direction on expectations for data/resource/ publication sharing, and should ensure appropriate data-sharing plans at the outset of projects and facilitate sharing as data and resources are generated.
Standards and tool development
• Data structure and semantics need standardizing and adopting.
• Metadata should be consistently attached.
• Investment is needed in computational tools to make use of standards and interoperability for data sharing and reuse.
Attribution and reward
• Attribution of data or resources should be enforced by journals and databases.
• A system for measuring attribution is needed to provide rewards for data sharing.
The Rome Agenda
"We recommend that materials and data be shared under the least restrictive terms possible."
using NIH Federal funding should be freely transferred between researchers using "… either no formal agreement, a cover letter, the Simple Letter Agreement of the Uniform Biological Materials Transfer Agreement (UBMTA), or the UBMTA itself ". The Jackson Laboratory in Bar Harbor, Maine, an example of good practice, has applied these principles for many years. The laboratory provides mice to academic and not-for-profit researchers with the simple notification that the mice are to be used solely for research purposes and are not to be sold or transferred to third parties without permission.
Data and resource-sharing infrastructure
The view of meeting participants was that the largest part of the data underlying publications is archived on journals' 'supplemental information' sites or authors' own sites. These data are often formatted in a non-standard way, not readily searchable, and in the long term not guaranteed to persist. In a 2006 survey of major journals, Anderson et al. 14 found that on average only 83% of supplementary data were still accessible a year after publication (for one journal this was as low as 33%) and that it seemed that approximately 10% of all data that was supposed to be available through a supplementary website was never available at all. It is clear, therefore, that the issue of longterm sustainable public repositories needs to be addressed by funding agencies, publishers and the community.
Many of the major public data repositories have no stable underlying funding and there are data types, particularly new ones, without appropriate public data repositories. We encourage further investment and recommend that public database coverage and stability be looked at in a coordinated way by funding organizations and the community with increased urgency. A good model is provided by the UK Biotechnology and Biological Sciences Research Council's Bioinformatics and Biological Resources Fund, which provides dedicated funding for development and sustainability of public resources and informatics tools.
Standards and tool development
Shared data are useful only if they are searchable and usable. For both attributes data must be formatted in a standard way, conform to standard structure and semantics and have appropriate metadata attached. It is clear that the community is still a long way from achieving these standards; further support and community discussion is needed. The full utility of standards such as MIBBI (Minimum Information for Biological and Biomedical Investigations) will be attained only by developing tools for data retrieval, mining and computation. The Gene Ontology bioinformatics initiatives provide a good example of how parallel development of tools and standards generates added value. Dedicated funding is needed to develop key elements of database infrastructure, including interoperability and data integration.
Common agenda
Despite oft-repeated statements of good intentions, stakeholders do not always share common interests. Within academia, a fear of 'helping the opposition' runs alongside concerns about the ethical or responsible use of freely shared data. A culture of sharing and open access is made more difficult by policies promoting the commercialization of research 15 , ineffective sharing infrastructure and inadequate data standards. Combined with unrealistic expectations from institutions of the value of exclusive licensing to the highest bidder, these factors can slow the progress of discovery and translation.
As an antidote to these concerns, the Rome meeting strongly encouraged sharing behaviours that promote a 'research commons' (see box, above). The heart of a research commons is one in which academic research is not impeded by restrictions on use and access to data and materials, in line with the principles of the Creative Commons
11
. Adoption of a set of 'mouse research commons' principles would increase the effective use and economic value of publicly funded research by avoiding duplication of effort, unnecessary creation and use of live animal models, and facilitating reuse of data.
We know from the Jackson Laboratory's experience with its repository that developers of new mouse resources are willing to comply with an unrestrictive distribution policy as a condition for acceptance of their resources, so we believe the mouse research commons is not just a utopian dream. Rather it should create a paradigm shift to establish this as a norm for the research community.
